withdrawn and a size 8.0 PVC tracheostomy tube was inserted without any problems. During the incident there was no arterial desaturation and vital signs remained stable. The cuff was almost completely burned with charred extraluminal areas above and below it. The intraluminal area was normal.
Postoperatively in the ICU the patient remained in a stable condition with good gas exchange. Laryngoscopy revealed moderate erythema and swelling which was consistent with prolonged orotracheal intubation. A subsequent bronchoscopy revealed no evidence of burns in the lower airways.
Two weeks later he was discharged from the ICU to the general ward. Although he was ventilating adequately, he was still dependent on a cuffed tracheostomy tube for airway protection, as swallowing was a problem and aspiration of saliva occurred at times. A percutaneous endoscopic gastrostomy was inserted for feeding purposes. Panendoscopy two weeks after the incident revealed normal epiglottis, larynx, subglottis, trachea, bronchi, hypopharynx and oesophagus, suggesting that the incompetence of the larynx was neurological in origin. The patient was able to be weaned off his tracheostomy a few weeks later and was subsequently discharged to a rehabilitation hospital.
DISCUSSION
Reports of airway fires caused by lasers have received recent emphasis, but we should not forget that electrocautery can cause similar problems 1 . Electrocautery has been reported to cause ignition and combustion of plastic, paper, cloth, flammable anaesthetics, enteric gases and combustible antiseptic solution.
Electrocautery-induced airway fires are not common but have been reported to occur during pharyngeal surgery (including adenotonsillectomy 2 ), tracheostomy 3,4 and laryngeal surgery 5 . Due to the potential morbidity of airway fires, the anaesthetist must try to prevent such occurrences by modifying the anaesthetic technique and equipment and be prepared to treat them swiftly and correctly.
Fire requires the triad of an oxidizing agent (oxygen and/or nitrous oxide), a combustible material (e.g. endotracheal tube) and a source of ignition (laser, electrocautery) as may be present during surgical tracheostomy.
During tracheostomy it is an accepted practice to administer 100% oxygen prior to the tracheal incision and insertion of the tracheostomy tube, particularly as many of these patients have significant concurrent morbidity. However this increases the risk of fire by exposing the endotracheal tube to an environment with a high concentration of oxygen, especially if an uncuffed endotracheal tube is used (e.g. in children), if there is a leak around the cuff, or if the cuff is inadvertently punctured during the process of tracheal incision or ruptured by electrocautery, which probably occurred in this case. Using the lowest concentration of oxygen compatible with satisfactory oxyhaemoglobin saturation has been recommended 6 . This can be achieved by using a combination of oxygen with air, nitrogen, or helium 7 . Nitrous oxide, which supports combustion, should be avoided altogether 8 . Nevertheless, with the potential for a prolonged period of non-ventilation we would suggest it remains prudent to protect against desaturation by using a high inspired oxygen concentration.
The oxygen index of flammability is well-defined 6 and is used as an indicator of the relative flammability of various materials. In brief, it is the percentage of oxygen required surrounding a material for that material to support combustion. PVC has a relatively high index of flammability compared with other common endotracheal tube materials and is thus the preferred material if electrosurgery is being utilized. Its oxygen index of flammability of 0.263 suggests that it is not flammable in an environment of oxygen less than 0.25, but as the concentrations we have discussed will be in excess of this, additional protective measures should be considered.
Three factors should be considered relating to the cuff of the endotracheal tube. These are its siting, seal, and saline use for inflation.
First, the cuff, being the thinnest part of the tube, is the most vulnerable to damage. This case together with two previously reported airway fires during tracheostomy 3, 4 involved the ignition and rupture of the endotracheal tube cuff by electrocautery. The external surface of the endotracheal tube was thereby exposed to a high concentration of oxygen due to the back flow of ventilating oxygen which then sustained the fires. The cuff should therefore be placed well away from the surgical field, either just above the carina or above the surgical incision. This will reduce the risk of inadvertent cuff rupture during tracheal incision, and also decrease the likelihood of its rupture and ignition should electrocautery be used. Placing wet pledgets above the cuff may have a similar preventative effect.
Second, it is important that there is no leak due to inadequate cuff inflation as this can expose the endotracheal tube to high concentration of oxygen and thus increase the susceptibility to extraluminal fires. Avoiding the use of high ventilatory inflation pressures also reduces the possibility of leaks.
Thirdly, filling the cuff with water or saline may reduce the incidence of fire, there being a "built in fire extinguisher" 9 if the cuff is ruptured by electrocautery. As recommended in laser protocols, adequate volumes of saline should be readily available in the event of fire.
Avoidance of electrosurgery is by far the most preferable means of avoiding fire during surgical tracheostomy. The cutting or coagulation effect of electrosurgery on tissue is a result of a high current density passing through the tissue at the electrode site with subsequent heating of that tissue. Regardless of the power settings, mode of operation or surgical technique, some arcing or sparking at the electrode tissue interface is highly likely. Thus the possibility will always exist that this will provide the source of ignition if other factors, such as elevated oxygen concentrations, are present. Selecting low power settings and utilizing bipolar modes of operation may go some way towards reducing the risk but it will certainly still be present.
In the event of fire, the endotracheal tube should be disconnected from the oxygen supply and the fire extinguished with adequate saline or moist towels. The extent of injury should be evaluated by bronchoscopy and laryngoscopy. Postoperatively the patient should be managed in an intensive care unit.
